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This paper discusses the implementation of new regulatory rules in a
multistage recourse ALM model for Dutch pension funds. The new regu-
latory rules, which are called the ‘Financieel Toetsingskader’, are effective
as of January 2007 and have deep impact on the issues of valuation of li-
abilities, solvency, contribution rate, and indexation. Multistage recourse
models have proved to be valuable for pension fund ALM. The ability
to include the new regulatory rules would increase the practical value of
these models.
1 Introduction
Dutch pension funds are adapting to far-reaching modifications of regulatory
rules. Not only a new valuation foundation is introduced, but also the reserves
of pension funds must comply with new risk-based solvency rules. The body
of new supervision rules is called the ‘Financieel Toetsingskader’ (FTK, Finan-
cial Assessment Framework) and was originally formulated by the Pensioen- en
Verzekeringskamer (PVK), which merged into De Nederlandsche Bank (DNB)
[7]. The FTK intends to be in line with international developments like market
valuation of assets and liabilities, and it can be conceived as a precursor of the
upcoming European risk-based regime Solvency II [10].
∗Corresponding author: m.h.streutker@rug.nl
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As a consequence, Asset Liability Management (ALM) models supporting strate-
gic decision making for Dutch pension funds must be adapted to the new FTK
rules. An upcoming methodology in ALM for pension funds is multistage re-
course modeling. See, for instance, Consigli and Dempster [3], Dert [8], Drijver
[9], Kouwenberg [20], and Mulvey et al. [26]. Sodhi [31] points out that, in gen-
eral, the foundations of stochastic programming are highly suitable for ALM.
Multistage recourse modeling offers a flexible way of dynamic optimization mod-
eling. All characteristics of importance for a strategic decision support model
for pension funds can be addressed in a multistage recourse framework. In this
paper we investigate which current multistage recourse model is most suited
for modeling the FTK and explore the possibilities for implementing the FTK
in this model in detail. First, we state the specific regulatory rules. Second,
we compare eight multistage recourse models on FTK compatibility. Third, we
research the implementation of the rules for the model of Drijver [9], which we
find most compatible with the FTK rules.
1.1 FTK and Multistage Recourse ALM Models
The FTK [28] states that it is intended to improve the insight of both the
supervised institution and the supervisory authority into the institution’s fi-
nancial position and its possible development over the short and medium term.
Its main goal is to make the ins and outs of pension funds more transparent.
As an illustration, the contribution premiums should be cost-effective, and the
conditions for indexation of pension rights must be clear. Important is the iden-
tification and control of risks. The transparency of the funds’ financial position
is attained by market valuation of both assets and liabilities, and by establishing
sound financial healthiness indicators. The FTK provides standardized methods
to determine whether the requirements are met. Alternatively, pension funds
may use their own methodology, which is called an internal model, subject to
approval by the DNB, see [5].
Besides a number of requirements for every report date, which we will state
in this document, pension funds need to do a continuity analysis every 3 years
as well. This continuity analysis must give insight in the financial position of
the fund for the coming 15 years. The analysis is to be of stochastic nature,
where the FTK prescribes the minimum expected inflation and the maximal
expected returns on assets allowed, see [22, 23]. A multistage recourse model is
well-suited for this kind of analysis.
Notwithstanding the importance of the new regulatory rules, one can still ques-
tion whether it is recommendable to incorporate them into a multistage recourse
ALM model. The major difference is, of course, that ALM models generate poli-
cies, while the FTK mainly evaluates the financial position of the fund, i.e., the
outcomes of policies. Therefore, under normal circumstances the FTK will never
forbid policies. However, in case of financial distress it prescribes actions and
hence influences policy making. There are three characteristics of the FTK that
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makes it compatible with multistage recourse ALM models for pension funds.
First, the intention of both the FTK and multistage recourse models is to better
indicate and handle the risks faced by pension funds. Second, like multistage
recourse models, the FTK is mainly formulated at the strategic level. Third,
both consider yearly periods, either for decision making in the ALM model, or
for reporting in the FTK.
The main question is how to implement the FTK in multistage recourse ALM
models. This has proved to be no fill-in-the-blanks exercise. The research ques-
tions we address in this paper are:
1. What are the current FTK rules?
The FTK is implemented on 1 January 2007, and under normal circum-
stances the current rules will at least hold till 1 January 2010. We will
describe the regulations as stated in the Financial Assessment Framework
Provisions of December 2006 [22] and Regulation Pension Act and Occu-
pational Pension Scheme (Obligatory Participation) Act of December 2006
[24]. Moreover, the Indexation Matrix of January 2007 [6] is consulted.
2. Which of the available multistage recourse models is most suitable for im-
plementing the FTK?
In recent years, a number of multistage recourse ALM models for pen-
sion funds have been proposed. We will describe how these models relate
to the FTK.
3. How can the FTK rules be implemented?
The translation of evaluative rules to policy making rules is not trivial.
Too strict implementations will result in forbidding certain choices, which
does not occur under the evaluative rules of the FTK. We will give direc-
tions for adapting the most suitable model such that it complies with the
FTK by either using the standardized method or an internal method.
1.2 Outline
The organization of this paper is as follows. The next section describes the
FTK rules, subdivided into the valuation of liabilities, solvency of the fund,
contribution rate, and indexation. Section 3 discusses multistage recourse ALM
models for pension funds. Special attention is paid to the model of Drijver [9].
The possibilities for implementation of the FTK in this model is investigated
in section 4. We end with a summary and conclusion. Two appendices are
added. The first one concerns the required solvencies for various risk types and
is related to the solvency part of section 2. The second one lists the notation
used throughout this paper.
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2 FTK Requirements
In this section, we state the FTK requirements. The continuity analysis part
of the FTK is not treated, since it does not yield any specific rules that can
be modeled. We distinguish the subjects of valuation of liabilities, solvency,
contribution rate, and indexation. Each field is briefly introduced after which
the specific rules are given.
2.1 Valuation of Liabilities
The liabilities of a pension fund are the accrued rights of its participants, which
in the future will result in benefit payments. These rights comprise the un-
conditional parts of the pension contract plus granted indexation (correction
for inflation). The provision for the liabilities, which we shall refer to as the
value of the liabilities, is calculated by discounting the expected future benefit
payments. These expected payments are to be determined using prudent under-
writing principles, which involve the foreseeable mortality trends and expected
developments of a demographic, legal, social, financial, and economic nature.
Let us denote1 Bt(n) the expected benefit payments due n years from time
t, and let dt(n) be the discount factor for payments n years from time t. Then,





Until recently, pension funds based their discount factors on a single discount
rate, the so-called actuarial interest rate. Theoretically, this rate could change
from year to year, but in practice it was constant (4%) ever since October 1969
[30]. If we let rst be this single discount rate at time t, then the discount factors
would be given by dt(n) = (1+ rst )
−n. Presently, it is believed that the use of a
single discount rate does not give a fair estimation of the value of the liabilities.
Therefore, for each year ahead a different discount rate needs to be specified.
The liabilities, as they stem from unconditional parts of the pension contract
and granted indexation in the past, are to be considered as guaranteed future
cash flow streams, and should be valuated based on risk-free financial products.
A logical choice is to use an interest rate term structure for discounting.
The DNB [4] derives their term structure of discount rates from inter-banking
swap rates. Zero-coupon rates are derived from the par European swap rates for
1 to 10-year maturities (yearly intervals) and 12, 15, 20, 25, 30, 40 and 50-year
maturities, as they are listed on a daily basis by Bloomberg. The interest rate
term structure is published monthly by the DNB. Let zt(n) be the zero-coupon
rate for maturity n at time t calculated as in [4]. The values of the discount
1For convenience, all notation and definitions are listed in Appendix B.
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2.2 Solvency of the Fund
The most stringent supervision in the FTK is on the solvency (also called actu-
arial surplus) of the pension fund. The solvency St of a fund at time t is defined
by St = At − Lt, where At is the value of the assets at time t and Lt is the
value of the liabilities at time t. Constraints on solvency can also be formulated
as funding ratio constraints. The funding ratio of a fund at time t is defined
by Ft = At/Lt. As the FTK is formulated in solvency terms, while most ALM
models in funding ratio terms, we will give both formulations.
The short term solvency condition that should hold at each report date t is




with Smt the minimum required solvency, which is to be calculated as prescribed
by the European Union [11]. This minimum required solvency approximates
5 percent of the value of the liabilities. If the condition is not satisfied, it is
said that there is a funding shortage. When such a funding shortage occurs, the
pension fund has to formulate a recovery plan. The recovery period allowed is 3
years, provided that the chance of recovery increases and that the participants’
risk and the chance on future indexation are not negatively influenced due to
the plan. In case this is not satisfied, the recovery period allowed is only 1 year.
The medium term solvency condition that should hold at each report date is
P (St+1 < 0|St) ≤ 0.025 (P (Ft+1 < 1|t) ≤ 0.025). (3)
If the condition is not satisfied, it is said that there is a reserves shortage. If
such a reserves shortage appears at report date t, then the pension fund has to
formulate a plan which shows that the fund strives to satisfy equation (3) again
at the latest at report date t + 15. The plan should exhibit a steady recovery
ex ante. The solvency value such that P (St+1 < 0|Srt ) = 0.025 is called the
required solvency and is denoted by Srt .
The FTK states that the second solvency condition comes down to a desired
present funding ratio of 1.30 for an average pension fund, which invests 50% in
stocks and 50% in bonds and faces a duration of the bonds and liabilities of,
respectively, 5 and 16 years. Thus, for this average pension fund equation (3)
boils down to:
St ≥ 0.30Lt (Ft ≥ 1.30). (4)
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Standardized Method
The DNB standardized method for calculating the required solvency is by using














with Sit the required solvency for risk of type i: interest rate risk (S1t), market
risk (S2t) with respect to equity and real estate, foreign exchange risk (S3t),
commodities risk (S4t), credit risk (S5t), and underwriting risk (S6t), and ρ12
is the correlation between effects of interest risk and market risk, which equals
0.5. In Appendix A it is shown how the required solvency for each risk type is
calculated.
Internal Method
Rather than testing the medium term solvency by the standardized method, a
pension fund may use an internal method. An internal method must correctly
model the probability distribution of the solvency at a horizon of one year.
2.3 Contribution Rate
First and foremost, the FTK states that the contribution rate must be cost-
effective, i.e., cover the costs of the pension plan. That is, the contribution rate
is completely determined by the pension plan and the risk attitude of the fund.
Nonetheless, in situations of underfunding or overfunding the fund may adjust
the ‘normal’ contribution rate. In the second place, the FTK advocates a stable
contribution rate. Highly volatile contribution rates might cause social upheaval.
The ‘normal’ contribution rate at pension contract level in the FTK consists
of four components. The first component is the actuarially necessary contribu-
tion for the purchase of the unconditional parts of the pension agreement. The
second component is the solvency surcharge for the unconditional parts of the
pension agreement. Its value is based on the risk profile of the fund, and thus on
the asset portfolio. The third element is the surcharge for handling costs. The
fourth component is the actuarially necessary contribution for the conditional
parts of the pension agreement, which are mostly indexation commitments.
In case of underfunding or overfunding two other components come to the scene.
The fifth component is the recovery premium, which appears when a funding
shortage (condition (2)) or a reserves shortage (condition (3)) is present. The
pension fund can set the recovery premium freely. The sixth component is the
premium discount, which may be granted if the capital of the fund is such that




Indexation is the correction of pension rights for wage or price inflation. In
general, the unconditional rights of pension agreements are nominal. However,
most pension funds strive to grant the participants a real pension. In the past,
full indexation of the pensions was common practice. Currently, more and more
pension funds only grant partial indexation.
The indexation policy of a pension fund should be in line with the indexation
ambition communicated to the participants. The current indexation matrix [6]
distinguishes six indexation categories: no indexation commitment, no purpose-
ful indexation policy, conditional indexation commitment not linked to an ex
ante defined criterion, conditional indexation commitment linked to an ex ante
defined criterion, combination of unconditional and conditional indexation com-
mitment, and unconditional indexation commitment. In the indexation matrix
[6] the characteristics of each category are given, e.g., the way the indexation is
financed and on which criterion the decision of granting indexation is based.
Whether or not conditional indexation may be given depends on the financial
state of the pension fund. In case of a funding or a reserves shortage, the pen-
sion fund is still allowed to grant indexation. However, it should not jeopardize
the execution of the recovery plan. If the solvency of the fund is higher than
the required solvency, the fund has own funds. These own funds are intended
to be used for the fulfillment of the current conditional parts, but can also be
used for the recovery of indexation in the past.
3 Multistage Recourse ALM Modeling for Pen-
sion Funds
In this section, we review eight multistage recourse ALM models for pension
funds from the perspective of compatibility with the FTK. We found the model
of Drijver [9] to be the most suited. Therefore, we describe this model in more
detail in the second part of this section.
3.1 Literature Review
Asset liability management modeling is an active topic of research in the sto-
chastic programming community. The headway made is described in surveys by
Mulvey [25] and Sodhi [31]. We restrict ourselves to multistage recourse ALM
models for pension fund management. Furthermore, we only consider defined
benefit plans, as this is the standard in the Netherlands. The goal of this re-
view is to investigate which model is most suited for implementing the FTK,
i.e., which model is most in line with the outlines of the FTK. As described in
the previous section, the main features of the FTK are the market valuation
of liabilities, the presence of solvency requirements, cost-effective contribution
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rates, and guidelines for indexation.
We will discuss eight recent multistage optimization models given in the lit-
erature. Five of them are based on Dutch data: the chance constrained model
by Dert [8], the hybrid simulation/optimisation model of Boender [1], a model
using CVaR constraints by Bogentoft et al. [2], the model of Kouwenberg [20],
which was applied to real data of a Dutch pension fund by Gondzio and Kouwen-
berg [12], and the model of Drijver [9]. Furthermore, we consider four abroad
based models: the Watson pension fund case for the CALM model of Consigli
and Dempster [3], the model designed for Towers Perrin-Tillinghast by Mulvey
et al. [26], and a model for a Finnish pension company by Hilli et al. [15].
Valuation of Liabilities
In most models, for the valuation of the liabilities a single interest rate is utilized.
The development of the liabilities in the models of Boender [1], Bogentoft et al.
[2], Dert [8], and Kouwenberg [20] are provided by ORTEC [27] and are based
on a fixed actuarial interest. Hilli et al. [15] utilize a so-called technical interest
rate, which is a single interest rate that changes from year to year. As opposed
to the models mentioned above, Drijver [9] and Mulvey et al. [26] use a term
structure of discount rates. Mulvey et al. base it solely on a bond yield curve,
while Drijver adds an equity component.
Solvency of the Fund
Solvency constraints are modeled in various ways. Boender [1] works with fund-
ing ratio ranges. Whenever the ratio is too low, the contribution rate will be
raised. Kouwenberg [20] does not put restrictions on the solvency level, but
penalizes deficits in the objective. Dert [8] limits the probability of bankruptcy
by a chance constraint on the wealth of the fund. Bogentoft et al. [2] utilize a
CVaR constraint on the wealth. For details on CVaR see Rockafellar and Urya-
sev [29]. Drijver [9] applies the closely related integrated chance constraint [19].
Besides this medium term solvency constraint, Drijver [9] also adds a short term
solvency requirement. Most closely related to the FTK short term and medium
term requirements are the solvency constraints of Hilli et al. [15]. There is a
short term condition demanding the solvency to be at least equal to the so-called
solvency capital (similar to the minimum required solvency). The medium term
condition concerns the so-called solvency border, which is the solvency level
such that the probability of ruin in one year is 2.5%. This solvency border is
equivalent to the required solvency under FTK. The calculation method, how-
ever, differs. In the model the non-convex solvency border constraint is replaced
by a convex approximation, which is still non-linear though.
Contribution Rate
The financing policies are similarly modeled in all models. The contribution rate
decision and its fluctuations are usually bounded. Boender [1] and Drijver [9] use
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soft bounds for the fluctuations. Dert [8] also bounds the absolute contribution
to the fund in each year. Hilli et al. [15] are divergent. In their model, the
contribution rate is determined by the Ministry of Social Affairs and Health of
Finland, and is thus a parameter instead of a decision variable as in the other
models.
Indexation
Looking at indexation, we see that the liabilities scenarios provided by OR-
TEC [27], which are utilized by Boender [1], Bogentoft et al. [2], Dert [8], and
Kouwenberg [20] are based on a fully-indexed final earnings scheme. As a con-
sequence, no (indexation) decisions on the liabilities side are modeled, i.e., the
liabilities are purely data. None of the other models, except for Drijver [9], have
indexation decisions.
Conclusion
Our conclusion is that the model of Drijver [9] bears the most resemblance to
the FTK rules. It scores well on all subjects under consideration. Therefore,
we will check suitability of this model for FTK implementation, but first let us
have a closer look at this model, which we name model D05.
3.2 Model D05
Model D05 was constructed when the FTK was still in its developing stages.
Ideas present on the general direction of the FTK at that moment were used by
Drijver to anticipate the FTK as best as possible.
Model D05 is a multistage mixed-integer linear recourse model made for sup-
porting strategic decisions of a Dutch pension fund. This fund utilizes a defined
benefit contract based on an average earnings scheme with conditional indexa-
tion. Valuation of the liabilities is based upon a term structure of discount rates.
The decisions to be supported concern the investment (asset class positions), fi-
nancing (level of contribution rates, regular and remedial), and indexation (level
of indexation) policy. The objective of the model is to minimize the funding
costs, while fixed and proportional penalties are given for undesirable events
like, e.g., underfunding, remedial contributions by the sponsor, and incomplete
indexation.
In the model, a number of accounting, policy, and regulatory constraints ap-
pear. The accounting constraints are part of all ALM models. They cover the
bookkeeping after the realizations of stochastic parameters are observed and
make sure that no money is ‘lost’ in the decision process. Next, we have the
three policy areas of investment, financing, and indexation. First, the invest-
ment policy constraints assure that no short positions are possible, and that the
proportional amount invested in a certain asset class is bounded. Second, the
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financing policy constraints mitigate the contribution rate and remedial contri-
bution. The model has some stabilizing constraints on the contribution rate.
However, these constraints are soft and do not prohibit big jumps when needed.
Whether a remedial contribution by the sponsor is allowed or even compulsory is
modeled as well. Also rules for restitutions to the sponsor are specified. Third,
the indexation is modeled by making the value of the liabilities a decision vari-
able bounded by the value of the nominal and fully-indexed rights. The benefit
payments are adjusted according to the indexation decision. Finally, the regu-
latory constraints are a rough approximation of the FTK solvency constraints.
The constraints included limit next year’s expected loss.
4 Model D05 in view of FTK
In this section, the implementation of the FTK in model D05 is discussed.
We deal with the four subjects of valuation of liabilities, solvency of the fund,
contribution rate, and indexation subsequently. First, it is explained how Drijver
[9] deals with the field. Next, the confrontation with the FTK is made.
4.1 Valuation of Liabilities
As is customary, the value of the liabilities in model D05 equals the discounted
expected benefit payments. Drijver bases his discount factors dt(n) on the pen-
sion spot curve of H.A. Klein Haneveld [16], which is derived from the yield
curve and the ex-ante equity risk premium. According to Luenberger [21], a
bond’s yield is the interest rate at which the present value of the stream of pay-
ments (consisting of the coupon payments and the final face-value redemption
payment) is exactly equal to the current price. Furthermore, the yield curve
displays yield as a function of time to maturity.
The pension spot curve is defined as follows:
PSC t(n) =
{
yt(n) + n20earpt if 0 ≤ n < 20,
yt(n) + earpt if n ≥ 20,
with yt(n) the yield corresponding to a risk-free zero-coupon bond maturing n
years from time t and earpt the ex-ante equity risk premium at time t. The
yields are computed as (Haugen [14])
yt(n) = (a1 + a2n)e−a3n + a4t,
where the constants a1, a2, and a3 do not depend on t. The dynamics of the
yield curve are thus driven by the return on the bank account. a4t is the yield
on bonds with the longest terms to maturity, and its values are computed in
a4t = a4,t−1 − yt−1(1) + E[rbat+1],
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where rbat+1 is the return on the bank account in year t+1. Based on the Gordon
growth model [13], the value of the ex-ante equity risk premium is
earpt = R1t − yt(1),
with R1t the internal rate of return of the stock portfolio at time t.
The discount factors2 are now given by
dt(n) =
1
(1 + PSC t(n))n
.
Discussion
Drijver’s model does not satisfy the FTK requirement of market valuation of
the liabilities, since the discount rates contain equity-based elements, which is
inappropriate for valuation purposes. The pension spot curve, which is used for
valuation of the liabilities, is the sum of a yield curve and ex-ante equity risk
premiums.
Another important issue is the value of future discount factors. In a multi-
stage model one needs to be able to calculate the value of the liabilities in the
future. How to implement this is far from trivial. For t = 0, the term structures
based on swap rates or the pension spot curve are deterministic and can be
computed, but for future moments in time (t > 0) the term structures are based
on stochastic variables and are thus stochastic themselves. Note that in the past
when a fixed discount rate was used, future discount factors were deterministic.
To implement the DNB term structure method in model D05, we need a sto-
chastic model that captures the swap curve dynamics. An alternative would be
to base the discount rates on a yield curve. Since model D05 already contains
a yield curve, it seems a logical step to use this curve for valuation purposes.
However, it first needs to be investigated whether the yield curves are generated
consistently in time. For instance, the development of the yield curves should
be arbitrage free.
4.2 Solvency of the fund
In Model D05, there are three conditions on the funding ratio, two of which
concern the current funding ratio, and one concerns next years funding ratio.
In these conditions we encounter the value of the fully-indexed liabilities, in ad-
dition to the actual liabilities (unconditional rights + granted indexation). We
define Lt to be the value of the fully-indexed liabilities, i.e., when all conditional
rights in the past have been guaranteed. The value of the nominal liabilities Lt
is the value of the nominal unconditional rights. Hence, Lt ≤ Lt ≤ Lt.





The first condition is that if the funding ratio is below θ,
Ft < θ (St < (θ − 1)Lt), (5)
the sponsor of the fund has to make an immediate remedial contribution. The
sponsor of the fund will make a payment such that the funding ratio is restored
to at least θ, where θ is specified such that a drop below this level is absolutely
unacceptable.
The second condition is that if the funding ratio is below α,
Ft < α (St < (α− 1)Lt), (6)
in a consecutive years, a remedial contribution of the sponsor is needed (with
α > θ ≥ 0). The amount of this remedial contribution is such that the funding
ratio is restored to at least α. The level α is specified such that it is undesirable
for the funding ratio to be below α, but if the funding ratio is still above θ no
direct action has to be taken. It might be that the low funding ratio results
from a temporal dip of the financial markets. However, if the funding ratio is
in poor health for a longer time, action is needed.
Finally, a one-stage risk condition states that the expected funding shortage
at the next report date, which is the expectation of max{0, αLt+1 − At+1}, is
not greater than an amount depending on the current value of the liabilities:
E[At+1 − αLt+1]− ≤ ϕLt (7)
with α ≥ 1 and (x)− := max{0,−x}. Constraint (7) is a so-called integrated
chance constraint [17, 19]. If one takes α = 1, i.e., E[At+1−Lt+1]− ≤ ϕLt then
this constraint can be interpreted as the quantitative variant of the qualitative
constraint (3) in the FTK requirements. Instead of limiting the probability of
underfunding irrespective of the size of the shortage, the expected amount of
underfunding is limited.
Discussion
Both Drijver and the FTK underline the importance of controlling the solvency
on the short and medium term. The short term solvency condition of the FTK,
which says that if the solvency at a certain report date is below the minimum
required solvency, then in either 1 or 3 years it should be above this minimum
required solvency again, is similar to equations (5) and (6). These equations
prescribe action (remedial contribution) when the funding ratio is below a cer-
tain level for a given period of time.
For guaranteeing the existence of the fund on the medium term, the visions
of the FTK and Drijver drift apart. The FTK on the one hand, has a quali-
tative appreciation on long term risk (probability of default), since they put a
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limit on the chance that the next years value of the liabilities is higher than that
of the assets. On the other hand, Drijver has a qualitative appreciation of risk
(expected shortage), since he limits the expected difference between next years
value of the liabilities and the assets.
Implementation of Standardized Method
The short term solvency requirement can be modeled in various ways using
the constraints of model D05. For the minimum required solvency we will use
the 5% of the liablities. A very strict interpretation of the minimum required
solvency would be to see it as a strict lower bound on the solvency, i.e., use
condition (5) with θ = 1.05. In this case funding shortages are not allowed. If
you do allow funding shortages, and the related recovery periods, this can be
modelled with condition (6) with α = 1.05. A one-year recovery period can be
modeled in model D05 by setting a = 2. This disallows the funding ratio to be
below 1.05 at two consecutive report dates. If in a certain year the funding ratio
threatens to become below 1.05, and in the last year it was already below 1.05,
then the sponsor is obliged to make a remedial contribution that restores the
funding ratio at least to 1.05. Similarly, for a three-year recovery period a = 4
would be used. Given the high penalty costs for a remedial contribution, the
pension fund board will strive to prevent this situation. The 3-year recovery
period conditions cannot be captured by the constraints present in model D05.
For the long term solvency condition, the FTK provides a ‘simple’ and a stan-
dardized method. The simple method (for the average pension fund), which
tells that the funding ratio should be larger than 1.30 with a recovery period of
15 years, can be implemented by using constraint (6) with α = 1.30 and a = 16.
However, the time horizon of multistage recourse models with yearly decision
moments, like Drijver’s, is usually much shorter than 15 years. Horizons of,
say, more than 5 year make these complex models intractable. Moreover, the
recovery should be steady ex ante. How to incorporate a 15-year recovery period
with ex ante steady recovery in a model with a much shorter horizon is an open
problem.
It is more complicated to implement the standardized method. Recall that
the standardized method breaks up the required solvency into a number of
risk types and calculates in that way the required solvency such that the long
term requirement is satisfied in approximation. The problem is that the re-
quired solvency is a nonlinear function of the risk types. Calculation of the
required solvency for the market risk, foreign exchange risk, and commodity
risk is straight forward in Drijver’s model. The calculation of the interest rate
solvency and the underwriting solvency might also be trouble-free, since most
of the calculations can be done in the scenario tree and are thus available as
data. Note that we still need to deal with the 15-year recovery period with the
ex ante steady recovery.
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Implementation of Internal Method
For the solvency requirements also the FTK allows pension funds to use their
own methods. This concerns only the medium term solvency requirement, since
the short term requirement does not give much space for other interpretations.
The direct implementation of constraint (3) would result in chance constraints.
The use of integrated chance constraints is an alternative, see Klein Haneveld
et al. [18]. Drijver uses the quantitative constraint (7) as an alternative to
the qualitative constraint (3). However, there is no straight forward relation
between the induced feasible sets of these two constraints.
4.3 Contribution Rate
Drijver and the FTK seem to have a totally different view on contributions. In
Drijver’s model, the contribution rate is one of the main decision variables. The
FTK sees the contribution rate more as a state variable, and only in extreme
situations the fund will directly alter the contribution rate. This difference can
be explained by a difference in goals, as model D05 generates policies and the
FTK evaluates the results of policies.
Drijver does not distinguish different components of the contribution rate. The
contribution rate ct can be chosen ‘freely’, and is actually one of the main de-
cision variables. Bounds are given on the contribution rate:
c ≤ ct ≤ c.
Stabilization of the contribution rate is also one of the goals of Drijver’s model.
The constraint
−η ≤ ∆ct ≤ ρ,
which bounds the change in contribution rate ∆ct := ct − ct−1, is implemented
as a soft constraint in the model. For exceeding the bounds penalty costs are
associated. In addition, a conditional lower bound on the contribution rate is
included:
ct ≥ c∗
in case of a remedial contribution.
Discussion
The perception of the contribution rate in the new regulatory rules differs from
that of model D05. In Drijver’s model the contribution rate is one of the three
major decisions (contribution rate, asset portfolio mix, indexation degree). How-
ever, in the FTK in the normal situation the contribution rate is a state variable.
Only in cases of shortage or substantial surplus the contribution rate can be in-
fluenced directly by the pension fund.
Nevertheless, Model D05 supports a cost-effective contribution rate, since too
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high or too low contribution rates lead to extra costs. Furthermore, the need
for a stable contribution rate is recognized in Model D05.
4.4 Indexation
The pension fund in Drijver’s model has a strong ambition to index, albeit on
a conditional basis. The fund strives to index the liabilities every report date
with respect to last year’s increase in the general wage level. Moreover, if in a
certain year the pension rights are not fully compensated in the general wage
level, it strives to give this compensation in a later year.
Indexation is modeled by making the value of the liabilities at time t, which
is denoted by Lt, a decision variable. This value should be between the value
of the nominal liabilities Lt and the value of the fully-indexed liabilities Lt.
Penalty costs are used to model the strong indexation ambition.
First, the total deviation of full indexation up to and including time t is pe-
nalized by including the following term in the objective function
ςL(Lt − Lt)−,
with ςL a penalty parameter.
In addition, Drijver penalizes the decision to not fully index last years liabilities
even more. He introduces the binary variable mt indicating whether the current
decision is to fully index last years liabilities (mt = 0) or not (mt = 1). The
term included in the objective function is
λmmt,
with λm a penalty parameter.
There are no further constraints on the decision on the liabilities. In partic-
ular, in case of financial distress it is still possible to grant indexation. On the
other hand, it is also possible to turn back indexation that was granted in the
past.
Discussion
The indexation ambition level is the basis for the FTK. Six indexation categories
are distinguished. The pension fund of Drijver’s model has a conditional index-
ation ambition. Changing the ambition of the fund to (partly) unconditional
can be achieved by raising Lt with the expected value of guaranteed indexation
rights. To get a no-indexation ambition one could drop the penalty parameters
and use bonuses instead in case indexation is granted.
A difficult point, though, is the matter of buffers and categorized contributions,
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as in the FTK. Since Drijver’s model does not categorize the contribution rate,
it is not clear how much is reserved for indexation. A fund with no indexation
ambition could have the same contribution policy.
The decisions on the indexation are free in Drijver’s model. No matter the finan-
cial position of the fund, indexation can be granted. Also indexation granted in
the past can be taken back. However, the FTK seems more restrictive. In case
of a funding or reserves shortage, the fund should be careful with indexation.
Moreover, most pension contracts do not allow indexation to be turned back.
5 Summary and Conclusion
In this paper, we researched if and how the new FTK regulatory rules for pension
funds can be implemented in multistage recourse ALM models. To this end, we
answered the following three questions:
1. What are the current FTK rules?
2. Which of the available multistage recourse models is most suitable for
implementing the FTK?
3. How can the FTK rules be implemented?
Now, we will summarize our findings and pose our conclusion.
5.1 What are the current FTK rules?
The FTK is involved with the following four subjects:
• valuation of liabilities,
• solvency of the fund,
• contribution rate, and
• indexation.
Below, we will treat these subjects in succession.
The FTK prescribes market valuation of the liabilities, which concerns discount-
ing the expected benefit payments with a term structure of risk-free discount
rates.
The FTK has two conditions on the solvency (assets minus liabilities). First, the
solvency should be greater or equal to the minimum required solvency, which
approximates 5% of the liabilities. If not, a recovery period of either one or three
years is allowed depending on the characteristics of the recovery plan. Second,
the solvency should be such that the probability of underfunding in the next
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year is at most 2.5%. If not, a recovery period of 15 years is allowed. However,
the recovery must be steady ex ante.
The contribution rate must be cost-effective. The FTK distinguishes six com-
ponents comprising the contribution rate. In addition, the FTK advocates a
stable contribution rate in order to prevent social upheaval.
The indexation policy must be in line with the indexation ambition commu-
nicated to the participants. Depending on this ambition, funds must construct
buffers and can ask contribution for indexation. Further, in case of financial
distress, of which the solvency level is the indicator, funds must be cautious
with indexation.
5.2 Which of the available multistage recourse models is
most suitable for implementing the FTK?
We compared eight recently published multistage recourse ALM models on their
suitability for adopting the FTK. The valuation of liabilities based upon a term
structure of discount rates was found in the models of Drijver [9] and Mulvey et
al. [26]. The solvency constraints of Drijver [9], but even more Hillie et al. [15]
showed the most resemblance with the FTK. The contribution rate constraints
of all models were similar. Drijver’s model [9] was the only model that considers
indexation. We concluded that the model of Drijver [9], which we named Model
D05, is most suited for implementing the FTK.
5.3 How can the FTK rules be implemented?
Here, we will treat the implementation of the above mentioned FTK rules in
Model D05. Again we will treat the four subjects successively.
For discounting the expected benefit payments either a swap curve based method
(FTK) or a yield curve can be used. However, the yield curve present in Model
D05 cannot be used thoughtlessly. First, the time consistency of the curve needs
to be investigated.
By and large, the short term solvency condition can be implemented by mak-
ing use of existing constraints in Model D05. Only for the 3-year recovery
period conditions, new constraints need to be modeled. The implementation
of the medium term solvency condition can be done in various ways. A direct
translation would be chance constraints. A computationally nicer alternative is
integrated chance constraints. The FTK provides two methods as well. First, it
is said that for the average fund the condition comes down to a solvency of 30%
of the liabilities. Second, they give an approximation of the solvency needed by
considering various risk types.
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The contribution rate regulations are mostly formulated at the individual con-
tract and operational level. It is not desirable to implement these rules exactly
in a strategic model. On top of that, it is unclear how the different components
should be calculated, specifically the conditional parts. The current constraints
on the contribution rate in Model D05 seem to be sufficient for now.
Modeling the indexation ambition in Model D05 can be done by the specifi-
cation of the penalty costs for incomplete indexation. It is possible to relate
the indexation decisions to the solvency level, so that the fund is prudent with
indexation in times of financial distress. Model D05 needs to be adapted in that
it allows to reverse previously granted indexation, since this is not allowed in
most pension contracts.
5.4 Conclusion
To conclude, we give our views on the possibilities for adopting the FTK in
model D05.
Drijver and the DNB have the same leading concept: the identification and
control of risks will better guarantee a good pension for the participants. We
will now state the parts of the FTK that can be implemented relatively easily
and those that will take some more considerations for implementation.
Valuation of the liabilities according to the FTK rules can be implemented
relatively easily. This can be accomplished by using the zero-coupon bond yield
curve in Model D05. However, the dynamics of this yield curve need to be
researched first. The implementation of the short term solvency requirement
should not be a major problem either. The same holds for stabilizing the con-
tribution rate. Furthermore, making the indexation dependent on the financial
position of the funds is doable, as well as adding a no-turning-back-indexation
condition.
Difficulties occur for the medium term solvency requirement. First of all, we
need to deal with the 15-year recovery period with ex-ante a steady recovery
in a model with a much shorter horizon. Second, how the probability condi-
tion should be implemented is cumbersome. The simple method is just too
unrealistic. The standardized method results in nonlinear constraints. A direct
translation results in chance constraints. An alternative to chance constraints
would be integrated chance constraints.
Another difficult point is the prescribed cost-effective component-wise contribu-
tion rate prescribed by the DNB. A switch from the ‘free’ contribution rate in
Model D05 to the prescribed FTK contribution rate is immense. One could ask
whether this switch is necessary, since the contribution rate in Model D05 will
be cost-effective after all. Herewith connected is the matter of the contribution
rate component for indexation. Model D05 does not distinguish components.
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Moreover, it is difficult to categorize Model D05 in the indexation matrix.
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A Required Solvency for Various Risk Types
This appendix contains the formulas for the required solvency for various risk
types, as specified by the FTK, see [24]. They are used in the standardized
method of the medium term solvency condition. As before, we will denote the
value of the assets at time t by At, and the liabilities by Lt. The FTK considers
a number of categories of the assets and the liabilities, see Table 1. So, for
instance, Admt is the value of the stocks invested in developed stock markets at
time t.
Interest Rate Risk
The interest rate risk is the risk that the surplus of the pension fund will de-
crease, due to the interest rate showing an upward or downward shock. Such a
shock will influence the value of both the assets as well as the liabilities, since
both have components related to the fixed income market. The DNB gives for
each duration level two factors that represent a downward or upward shock, with
which the market interest rate for the given duration should be multiplied to
get the new interest rate. The desired solvency for a shock equals the difference
between the effect the shock has on the liabilities and the assets. The required
solvency for interest rate risk is the maximum of the upward and downward
shock.
Denoting the duration of a financial product f by Df , then DLt is the du-
ration of the liabilities, and DAfit is the duration of the fixed-income portfolio.
Moreover, we simplify the notation of the interest term structure interest rate
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for the duration of a certain financial product to z(f) (instead of z(Df )). Intro-
ducing δ−(d) as the downward factor for a duration of d, the required solvency
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The value of S+1t, the solvency for an upward interest rate shock, is calculated
analogously. The maximum of both solvencies is the required solvency for in-
terest rate risk, i.e.,
S1t = max{S−1t, S+1t}.
Market Risk
The required solvency for market risk accounts for the risk faced in more risky
investment classes, which are equity (developed, which includes indirect real
estate, and emerging markets), private equity, and (direct) real estate. The














The total required solvency for market risk is calculated using mutual correla-
tions of 0.75.
Foreign Exchange Risk
The foreign exchange risk concerns the possible devaluation of foreign currencies,
which affects the investments in these countries. The required solvency for this
risk is 20% of the value of investments exposed to currency risk:
S3t = 0.20Acet .
Commodity Risk
The risk that the value of the commodity portfolio decreases enormously is
called commodity risk. The required solvency for this type of risk equals 30%
of the value invested in commodities:
S4t = 0.30Acmt .
Credit risk
Credit risk is expressed in the credit spread. This is the difference between the
effective yields on a collection of cash flows whose payment depends on the cred-
itworthiness of counter parties and the effective yields on the same collection
of cash flows as if they were certain to be paid. The higher the credit spread,
the less the creditworthiness of the counter parties involved in the investments.
Generally, bonds of a highly credit worthy government are regarded as default
free.
The desired solvency for credit risk is 40% of the product of the duration of
the credit bonds, the credit spread, and the value of the investment in credit
bonds. So if we let cst be the credit spread of the credit bonds at time t, then
the required solvency for credit risk is




The required solvency for underwriting risk is to be determined by the pension
fund itself. It should account for future mortality trend uncertainty and negative
stochastic deviations from the expected value of the benefit payments.
B Symbols and Definitions
In this section, the notation used throughout the paper is listed. The main
ingredients are:
23
t yearly time indicator, either a moment in time, or period of one year.
At value of assets at time t.
Lt value of liabilities at time t.
The other notation is grouped by subject.
B.1 Valuation of Liabilities
Bt(n) expected benefit payments n years from time t.
dt(n) discount factor for payments n years from time t.
Wt total level of the pensionable wages of the active participants in year t.
wt change in general wage level in year t.
rst single discount rate at time t.
zt(n) swap rate for maturity of n years at time t.
yt(n) yield of a risk-free zero-coupon bond maturing n years from time t.
earpt ex-ante risk premium at time t.
PSC t(n) pension spot curve value for a maturity of n years from time t.
a1, a2, a3 time independent yield curve constants.
a4t yield on bonds with longest terms to maturity at time t.
rbat return on bank account for year t.
R1t internal rate of return of stock portfolio at time t.
B.2 Solvency of the Fund
St solvency at time t.
Ft funding ratio at time t.
Smt minimum required solvency at time t.
Srt required solvency at time t.
Sˆrt estimated required solvency at time t.
i risk type index.
Sit solvency required for risk type i at time t.
Lt value of fully-indexed liabilities at time t.
Lt value of nominal liabilities at time t.
α, θ funding ratio parameters.
a number of consecutive years before remedial contribution.
ϕ integrated chance constraint parameter.
B.3 Contribution Rate
ct contribution rate for year t+ 1.
c, c lower and upper bound on contribution rate.
∆ct change in contribution rate.
−η, ρ lower and upper bound on contribution rate change.
c∗ lower bound on contribution rate in case of remedial contribution.
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B.4 Indexation
ςL total indexation deviation penalty parameter.
mt binary indicating full indexation of last years pensions.
λm last year’s partly indexation penalty parameter.
B.5 Required Solvency for Various Risk Types
f financial product.
Aft value of financial product f assets at time t.
Df duration of financial product f .
δ−(d) downward factor interest shock for a duration of d.
δ+(d) upward factor interest shock for a duration of d.
S−1t required solvency for downward interest rate shock.
S+1t required solvency for upward interest rate shock.
S1t required solvency for interest rate risk.
cst credit spread at time t.
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